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Genetic Mechanisms Possibly
Leading to Racially Different

Responses to Nitrate Therapy

Ferdinand et al1 have written a very
important and insightful review article
summarizing strong evidence recom-
mending combined isosorbide dinitrate
and hydralazine therapy to reduce
mortality and morbidity for African-
Americans with heart failure and reduced
ejection fraction. The investigators have
correctly pointed out that more genetic
information is necessary to assess the
impact of many other polymorphisms that
may affect drug response.1Wewould like
to add important information that is rele-
vant to nitric oxide (NO) biology and may
help to explain mechanisms possibly
involved in racial differences observed
when patients receive isosorbide dinitrate
and hydralazine, which are drugs that
directly or indirectly affect NO activity.
There is now evidence that combinations
of genetic polymorphisms (haplotypes) in
the gene encoding endothelial NO syn-
thase (eNOS) may be more informative
than single eNOS polymorphisms with
respect to endogenous NO formation and
bioavailability.2e4 Importantly, a specific
eNOS gene haplotype combining partic-
ular eNOS gene variants (C-Glu-b) is
associatedwith lower levels of both nitrate
and nitrite, which are products of NO
metabolism and reflect endogenous NO
formation.2e4 This association has been
reported in both white2 and black4 sub-
jects, although major differences exist in
the distribution of haplotype frequency
when whites and blacks are compared.5,6

This eNOS haplotype apparently pre-
disposes to hypertension in obese children
and adolescents,7 although different eNOS
haplotypes have been associated with hy-
pertension in adults.8e10 In line with the
suggestion byFerdinand et al, it remains to
be determined which eNOS haplotypes
may predict the responses to isosorbide
dinitrate and hydralazine therapy, partic-
ularly in African-Americans. In addition,
there is evidence that black subjects have
higher circulating concentrations of an
endogenous NOS inhibitor, the asym-
metric dimethylarginine,11,12 and there-
fore, black subjects may be exposed to
additional factors impairing endogenous
NO formation that are counteracted
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by isosorbide dinitrate and hydralazine
therapy. The improved responses of
black subjects to isosorbide dinitrate
and hydralazine therapy may suggest
severely disrupted vascular homeostasis
in these subjects, which may be partic-
ularly responsive to nitrate therapy.

Gustavo H. Oliveira-Paula, MSc

Sao Paulo, Brazil
28 June 2014

1. Ferdinand KC, Elkayam U, Mancini D, Ofili E,
Pina I, Anand I, Feldman A, McNamara D,
Leggett C. Use of isosorbide dinitrate and hy-
dralazine in African-Americans with heart fail-
ure 9 years after the African-American Heart
FailureTrial.AmJCardiol2014;114:151e159.

2. Metzger IF, Sertorio JT, Tanus-Santos JE.
Modulation of nitric oxide formation by endo-
thelial nitric oxide synthase gene haplotypes.
Free Radic Biol Med 2007;43:987e992.

3. Metzger IF, Souza-Costa DC, Marroni AS,
Nagassaki S, Desta Z, Flockhart DA, Tanus-
Santos JE. Endothelial nitric oxide synthase
gene haplotypes associated with circulating
concentrations of nitric oxide products in
healthy men. Pharmacogenet Genomics 2005;
15:565e570.

4. Metzger IF, Ishizawa MH, Rios-Santos F,
Carvalho WA, Tanus-Santos JE. Endothelial
nitric oxide synthase gene haplotypes affect
nitrite levels in black subjects. Pharmaco-
genomics J 2011;11:393e399.

5. Marroni AS, Metzger IF, Souza-Costa DC,
Nagassaki S, Sandrim VC, Correa RX, Rios-
Santos F, Tanus-Santos JE. Consistent inter-
ethnic differences in the distribution of clinically
relevant endothelial nitric oxide synthase ge-
netic polymorphisms. Nitric Oxide 2005;12:
177e182.

6. Tanus-Santos JE, Desai M, Flockhart DA.
Effects of ethnicity on the distribution of clin-
ically relevant endothelial nitric oxide variants.
Pharmacogenetics 2001;11:719e725.

7. Souza-Costa DC, Belo VA, Silva PS, Sertorio
JT, Metzger IF, Lanna CM, Machado MA,
Tanus-Santos JE. eNOS haplotype associated
with hypertension in obese children and ado-
lescents. Int J Obes (Lond) 2011;35:387e392.

8. Sandrim VC, Coelho EB, Nobre F, Arado GM,
Lanchote VL, Tanus-Santos JE. Susceptible
and protective eNOS haplotypes in hyperten-
sive black and white subjects. Atherosclerosis
2006;186:428e432.

9. Sandrim VC, de Syllos RW, Lisboa HR, Tres
GS, Tanus-Santos JE. Endothelial nitric oxide
synthase haplotypes affect the susceptibility to
hypertension in patients with type 2 diabetes
mellitus. Atherosclerosis 2006;189:241e246.

10. Sandrim VC, de Syllos RW, Lisboa HR,
Tres GS, Tanus-Santos JE. Influence of eNOS
haplotypes on the plasma nitric oxide products
concentrations in hypertensive and type 2 dia-
betes mellitus patients. Nitric Oxide 2007;16:
348e355.

11. Melikian N, Wheatcroft SB, Ogah OS, Murphy
C, Chowienczyk PJ, Wierzbicki AS, Sanders
nc. All rights reserved.
TA, Jiang B, Duncan ER, Shah AM, Kearney
MT. Asymmetric dimethylarginine and reduced
nitric oxide bioavailability in young Black
African men. Hypertension 2007;49:873e877.

12. SandrimVC, Palei AC,Metzger IF, Cavalli RC,
Duarte G, Tanus-Santos JE. Interethnic differ-
ences in ADMA concentrations and negative
association with nitric oxide formation in
preeclampsia. Clin Chim Acta 2010;411:
1457e1460.

http://dx.doi.org/10.1016/j.amjcard.2014.07.001
An Unsavory Truth: Sugar,
More than Salt, Predisposes to

Hypertension and Chronic Disease

In a recent editorial in the journal,1

He et al state that the association be-
tween sugar-sweetened beverage con-
sumption and blood pressure may be
mediated, at least in part, by salt intake.
We take the issue with several points
made by the authors and make a case
for quite different conclusions.

The authors state that, “salt is a ma-
jor drive to thirst”; “an increase in salt
intake will increase the amount of fluid
consumed, and if part of this fluid is in
the form of soft drinks, [sugar] will be
increased proportionately.” In other
words, salt consumption drives fluid
intake, and sugar may just, coinciden-
tally, come along for the ride. We would
argue something more akin to the
opposite. Sugar consumption leads to
insulin spikes, low blood sugar, and
hunger. Sugar is a major drive to hun-
ger; an increase in sugar will increase
the amount of food consumed, and if
part of this food is in the form of pro-
cessed foods, sodium will be increased
proportionately. In other words, sugar
consumption drives food intake, and
sodium may just, coincidentally, come
along for the ride.

Processed foods are the principal
source of dietary sodium2; they also
happen to be predominant sources of
added sugars. Dietary sodium intake
tracks with the consumption of added
sugars, but it is that sugar, not the salt,
that may be the actual causative factor for
increased blood pressure. This notion is
supported by meta-analyses of random-
ized controlled trials suggesting that
sugar is more strongly related to blood
pressure in humans than sodium.3,4

Moreover, the fructose component of
commonest sugars has been shown to
www.ajconline.org

http://crossmark.dyndns.org/dialog/?doi=10.1016/j.amjcard.2014.07.002&domain=pdf
http://www.ajconline.org
http://dx.doi.org/10.1016/j.amjcard.2014.07.001


Figure 1. Hypertensive mechanisms of fructose. Arrows represent direct effects or indirect effects through
intermediates, which are not shown for simplicity. ATP ¼ adenosine triphosphate; NO ¼ nitric oxide;
RAS ¼ renin-angiotensin system; RNS ¼ reactive nitrogen species; ROS ¼ reactive oxygen species.

Figure 2. Unintended consequences of population-wide sodium restriction.
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increase blood pressure in a manner in-
dependent of sodium intake5 and salt
sensitivity.6 Encouraging consumers to
hold the sugar, not the salt, may be the
better dietary strategy to achieve blood
pressure control.

The authors go on to state that “sugar
in soft drinks stimulates insulin secretion
which could lead to sodium and water
retention and, thereby, possibly
increasing blood pressure.” Although this
might be true, clinical trial data do not
support the notion that retention of so-
dium is clinically significant in regards to
increased blood pressure with sugar-
sweetened beverages. In a trial of 20
healthy normotensive men, consumption
of a sucrose-sweetened beverage led to a
significant increase in blood pressure,
whereas consumption of a fructose-
sweetened beverage did not, although the
fructose-sweetened beverage had the
greater antinatriuretic effect.7 What this
result suggests is that retention of sodium
is not the main mechanism for sugar’s
ability to elevate blood pressure. Another,
more likely, mechanism is activation of
the sympathetic nervous system—both
directly through sugar’s effect on the
ventromedial hypothalamus and in-
directly through hyperinsulinemia—with
resultant changes to heart rate andvascular
tone.8e12 Hyperleptinemia,13e15

increased production of methyl-
glyoxal,16e20 and reductions in adenosine
triphosphate—leading to reductions in
nitric oxide—may also play a role21

(Figure 1). Activation of the sympathetic
nervous system by fructose is supported
by its ability to increase bloodpressure and
heart rate in humans on acute ingestion.22

He et al conclude that, “A reduction in
population salt intake, which can easily be
made by slowly reducing the amounts
of salt added to foods by the food
industry, will lead to a reduction in pop-
ulation blood pressure and cardiovascular
mortality, as demonstrated in the
UK and Finland.” But such ecological
associations hardly prove causation. Data
from randomized trials and prospective
cohort studies suggest that lowering so-
dium intake could actually increase mor-
tality for those with diabetes and heart
failure23e27 (both ofwhich are growing in
prevalence in the general population).28,29

Moreover, even in healthy subjects, low
sodium intake may predispose to insulin
resistance,30 and a meta-analysis impli-
cates low sodium intake in elevating car-
diovascular risk through unhealthy lipid
and neuroendocrine profiles.31

Beyond concerns related to sodium
directly, the suggestions by He et al for
“reducing the amounts of salt added to
foods by the food industry” could have
broader unintended consequences for the
population in general. Human intake of
sodium occurs in a remarkably narrow
range across varied populations,32 sug-
gesting tight physiological regulation. If
prepared and processed foods became
less salty, it is entirely possible that
people would eat more of them to obtain
the sodium their physiology demands
(Figure 2). Would the concomitant in-
crease in added sugars and other refined
carbohydrates, transfats and other pro-
cessed oils, and chemical colorings,
flavorings, and preservatives from the
increased consumption of processed
foods result in overall benefit for popu-
lation health?

The investigators state that “a
reduction in salt intake will cause a
reduction in sugar sweetened soft drink
consumption and, thereby, a decrease in
obesity and type II diabetes.” We argue
the opposite (Figure 2); a reduction in
salt intake may lead to an increased
intake in processed foods (and added
sugars) and, thereby, increase the risk of
diabetes, obesity, and cardiovascular
disease. We do, however, agree with the
authors that, “efforts to reduce soft
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drink consumption combined with a
gradual reduction in the amounts of
sugar added to soft drinks will provide
additional beneficial effects on health.”
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Influence of High-Dose Highly
Efficient Statins on Short-

Term Mortality in Patients
Undergoing Percutaneous Coronary
Intervention With Stenting for Acute
Coronary Syndromes

We read with great interest the
report by Tentzeris et al1 on the influence
of high-dose highly efficient statins
on short-term mortality in patients
with acute coronary syndromes and
percutaneous coronary intervention. The
investigators mentioned to compare
high-dose statin therapy, atorvastatin 80
mg and rosuvastatin 20 mg, with low-
dose or no statin therapy. We agree that
rosuvastatin is highly efficient; however,
20 mg is not a high dose. Moreover, what
about simvastatin 80 mg, which would
also be a high-dose statin with moderate
intensity, not recommended by the Food
and Drug Administration since 2011, the
end of including patients in this prospec-
tive registry.2 Therefore, the definition of
low-dose statin therapy is vague.
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